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ABSTRACT 

Jet production in 77 collisions have been studied with a jet-cone algorithm 
using a 233 pb' 1 data taken by the TOPAZ detector at the TRISTAN e+e~ 
collider. The transverse momentum dependence of the jet-cross section as well 
as accompanying activities in the small-angle region show the direct evidence for 
the resolved photon processes. We also present some properties of the two-jet 
sample with the emphasis on their correlation with the remnant-jet activity. 



* To appear in the proceeding of 10th International Workshop on Photon-Photon collisions(Photon'95), Sheffield 
University, England, April 8-13, 1995 



1. Introduction 



Among various high-energy collisions, there are large class of reactions which involve (quasi- 
) real photons, such as 77, 7*7 and 7p. The nature of these reactions are less well known 
comparing to our knowledge in e + e~ , pp{pp) and lepton-neucleon deep-inelastic(DIS) scattering, 
because of rather complicated dual (point-like and hadronic) nature of the (quasi-) real photon. 

Recently, the situation has been improved significantly. Several experimental collaborations 
have reported evidence for the production of high transverse momentum jets in quasi-real 77 
collisions in the e + e~ colliders at the TRISTAN0Siand LEP0, and in the 7p collisions at heraI. 
In particular, we have reported the evidence of substantial activities in the small-angle region 
in the sample which has high-pr jets in the central regionlll. This is a direct evidence of the 
remnant-jets which are expected only in the resolved-photon processes!!!'!, i.e. the processes 
which involve the hard scattering of the partons inside the photon. The observation of the 
remnant-jet has also been reported in the 7p collisions at HERA i. 

In this talk, we present the updated results of the jet study in quasi-real 77 collisions with 
a larger data sample than the previous publication^. The inclusive jet-pr distribution have 
been studied down to 1 GeV in order to see individual contribution more clearly. The energy 
distribution in the small-angle region and the property of two-jet events have been studied in 
some detail in order to check the consistency with the expectation from the remnant-jets in 
the resolved-photon processes. It is emphasized that the azimuthal-angle correlation between 
two-jets are a sensitive observeable to the effect of the initial-state radiation of the incident 
parton in the photon, as well as to a possible effect of the multiple scattering, i.e. events where 
at least two pairs of partons scatter whithin the same 77 collision!. All results presented here 
are preliminary. 

2. Analysis Method 

The present analysis based on the data collected at ^=58 GeV corresponding to an inte- 
grated luminosity of 233 pb _1 . 

The hadronic events in quasi-real 77 collisions are selected with the criteria: (1) the min- 
imum number of charged tracks must be 4 and the net charge should be < 2, where the 
charged particles should have p t > 0.15 GeV and | cos^l < 0.83. (2) the visible energy (E vis ) 
of the event should be E vis < 35 GeV, (3) the invariant mass of an event (W V i S ) should be 
2 < W V i S < 25 GeV, (4) the maximum energy(.E ma:r ) of an electromagnetic energy cluster in 
the region | cos#| < 0.9984(6 , min = 3.2°) is required to be < 0.25E beam . (5) beam-gas events are 
rejected by requiring the event vertex position to be r vtx < 3 cm and z vtx < 3 cm. 

In the selection (2) and (3), both charged tracks and the clusters in the region | cos^l < 0.83 
are used to evaluate E vis and W V i S . The cut on W V i s has been changed from 15 GeV to 25 
GeV from the previous analysis in order to study the event in wider kinematical region. The 
selection (4) defines our anti-tag condition corresponding to the maximum photon virtuality of 
Pmax = 2.6 GeV 2 . 

With these criteria and after subtracting background, 112,000 anti-tag two-photon events 
are selected in total. The main backgrounds come from beam-gas events in low mass region 
and annihilation events (e + e~ — > qq^) in high mass region. In all figures presented here the 
backgrounds are subtracted on a bin-by-bin basis. 



Figure 1: Comparison of the cross section between EPA approximation and exact matrix- 
element "calculation in the direct-process. The meaning of each curve is explained in ref.ll. 



Figure 2: Inclusive jet distribution as a function of jet transverse momentum, prij^t), for 
\Vj\ ^ The error bars in data(solid circle) are only statistical ones. The solid line a 

prediction of the direct + resolved(DG) + VDM processes withp Tjmin = 1.70 GeV. The dot and 
two-dots-dashed lines correspond to p^ min = 1.5 and 1.9 GeV,respectively. The contribution 
of the direct and the direct+VDM processes are shown by dashed and dot-dashed histograms, 
respectively. 



The cross section of the direct process (77 — > qq) and resolved processes in e + e~ collisions 
are given as a product of the photon-flux factor, parton density inside the photon, the subprocess 
cross section. The parton density for the direct process is given by the delta function 6(1 — x). 
Since the detail description of the generator-program used in this analysis are given in ref.10, 
here we only mention a few special comments. 

The photon-flux factor is given by the formula of equivalent-photon approximation ( EPA 

): 

A/eto = ^[l + (l-^) 2 ]ln P — ^V^ --— , (1) 

With P maX = m ™( P Lx,kin,Q 2 eff) (2) 

where Q\*t = Vr f° r light (u,d,s) quarks and m 2 c + j)\ for charm quark. P max ^ in is a maximum 
photon virtuality determined by the experimental anti-tag condition: P maxkin = 2Eb eam (l — 
z)(l — cos9 tag ). Our condition is 6 max = 3.2° for z(= E^/E beam ) < 0.75. To check the precision 
of this formula, we have compared the cross section of the direct process obtained from the 
exact matrix-element calculatlonS and the EPA given in (1). In our anti-tag situation, both 
results agree in 1 % level as shown in Fig. 

In the TRISTAN energy region, the range of invariant-mass of 77 system(W 77 ) for resolved 
processeses is between 5-50 GeV having a peak at about 20 GeV. This value is high enough 
for perturbative-QCD calculation. The region of the Bjorken-x is covered down to about 0.1 
in the jet analysis presented here. 

The Monte-Carlo program is based on the leading-order (L CO formula, while the next- 
leading-order(NLO) calculation is also available by Aurenche et alB in mass-less formula. This 
NLO results show that, as far as the energy scale(/z 2 ) appears in a s and the parton-density in 
the photon is chosen to the square of the parton-p^ in the LO calculation, the correction of 
NLO is small at high-p^ region above 5 GeV. 

In the current program, we included the contribution from the charm contents in the photon 
in the cross section of resolved processes if the center of mass in the subsystem vl is greater 
than 5 GeV. 



Figure 3: (a) Energy flow distribution for the central two-jet sample with |?7j| < 0.7 and 
p^ 1 > 2.0 GeV. (b) Maximum cluster-energy distribution measured by the calorimeters in 
the polar angular region of 0.972 < | cos 6*| < 0.9984 for the two-jet sample without anti-tag 
condition. 



3. Results 



3.1. Inclusive Jet Distribution 



In order to identify jets in the twophoton hadronic events, we use a jet-cone algorithm 
and define a jet as a cluster comprising of particles inside a circle in the pseudorapidity 



(rj = — lntan(0/2))- azimuthal angle(0) plane as y ( A77 2 + A0 2 ) < 1. Table- 1 summarizes 
the number of jets and the number of two-jet events selected for various values of the cuts in 
jet-pT and jet-rapidity(^j). 

Table 1: 





j9 T (GeV) 


\Vj\ 


Data 




No. of jets 


> 1.0 


< 0.7 


78637 


jets 




> 2.0 


< 0.7 


22198 


jets 


No. of two-jet event 


> 2.0 


< 0.7 


2801 


events 




> 2.0 


< 1.0 


4592 


events 



The jet-]>r distribution in the region \rjj\ < 0.7 is shown in Fig.|2|, together with the expec- 
tation of the VDM( Vector- meson Dominance Model), direct and resolved processes. It is worth 
noting that the slope of data is different in the region below and above about px = 2.0 GeV. 
Below p T < 2.0 GeV@, the VDM components are dominated and the above the perturbative 
components of direct and resolved processes play an important role. 

The resolved processes are definitely necessary to reproduce the data typically in the region 
3 < Pt(jet) < 7 GeV. The DG0 parametrization of the parton density of the photon is used 
in this figure. However, the data can fit well also by the LAC 10 parametrization if the value 
of 

PT.min-, & free cut-off parameter introduced in the theory to ensure the perturbative-QCD 
calculation, is optimized. The optimum value of pT,min is found to be 1.7 GeV for DG and 2.2 
GeV for LAC1. These optimum values change by 0.05 GeV if the cross section of the VDM 
component0 is changed by 30 %.(See ref.2 for more detail discussion.). 



3.2. two- jet and remnant- jet 

In the previous paperS we reported the evidence for the remnant-jet activity in small-angle 
regioifl In that analysis, we selected the sample with at least one-jet in central region, because 
of the limited statistics. Fig.[|(a) show the distribution of the particle energy flow for the sample 
which has two high-p-r jets in the central region, where these two-jets are selected with a criteria 
of Pt > 2.0 GeV and rjj < 0.7. Clearly large activities are observed in the small-angle region 
(0.972 < I cos 6*| < 0.9984). The forward calorimeter(FCL) covers in this region. 

It is very rare (less than 1.5%) that the direct (or VDM) processes leave some deposit of 
energies in this region if two high-pr jets are required in the central. The contamination of the 
beam-gas induced backgrounds is estimated from the random-trigger sample, and found to be 
small (about 10%), thanks to an extensive masking system of the detectorE^. 

Another possible background might come from the scattered electron in deep-inelastic e^ 
scattering. To study this effect, no-tag event sample is selected without requiring the selection 
(4) of the anti-tag condition. The largest cluster-energy (E max ) in FCL is plotted in Fig.[5](b) 
for the no-tag two-jet sample. In the figure, both effects of the remnant-jets and the scattered 



electrons of the DIS e7 scattering are seen clearly ? The effect of the scattered electron in the 
region Ef^x < 0-25-Eft e am, is less than a few %. In this low-energy region, the Monte-Carlo 
simulation of resolved processes which includes the remnant-jets explain the data quit well. 

For the detail study of the high-pr two-jet events, we require that the jet-pr is greater than 
2.0 GeV and the rapidity of both jets less than 1.0. we also define a sub-sample of two-jets 
with a condition: 0.5GeV > > 0.25E beam in order to enhance the contribution from the 

resolved processes and call them as remnant-jet-tag events. With these criteria, 2172 remnant- 
tagged events are selected out of the total two-jet sample of 4582 events. The purity of the 
resolved process in the sub-sample is estimated by the Monte Carlo simulation to be 97 % while 
the tagging efficiency of the 1- and 2- resolved processes is found to be 60%. 

The invariant mass of the two-jet system is shown in Fig.f|(a) for total and (b) for the 
remnant-jet-tag events, respectively. The distribution of the opening angle between two-jets in 
the azimuthal plane (A0 = <\>j\ — <fij2) are shown in Fig.|5](a) also for total and (b) remnant- 
jet-tag events, respectively. We note that the substantial part of the two-jet sample is almost 
back-to-back(Fig.[5]) as expected. As can be seen from these figures, the LO Monte-Carlo 
simulation reproduces the overall feature of the data in shape and its normalization both for 
total and remnant-jet tagged sample. However, some deviations are observed in the high-Mjj 
region greater than 15 GeV and in the region of 2 > A0 > 2.6 radian. The latter point 
would be understood as an effect of the initial-state radiation of the incident parton in the 
hard-sub-processes which is not included in our Monte-Carlo program. Further analysis are in 
progress. 

In summary we have studied the jet production in the two-photon reaction at ^Js = 58 GeV 
for the integrated luminosity of 233pb _1 with the anti-tag condition. The existence of the 
resolved process in 77 collisions is confirmed from the jet rate and the direct detection of the 
energy- clusters coming from the remnant-jets. The rate of the remnant-jet is also consistent 
with the Monte-Carlo expectations. 
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Figure 4: Mjj distribution for (a) all two-jet, (b) remnant-jet tagged sample. The meaning of 
the histograms is the same as the one given in Fig.3. 



Figure 5: A$ distribution for (a) all two-jet, (b) remnant-jet tagged sample. The meaning of 
the histograms is the same with the one given in Fig.3. 
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